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Description 

Field of the Invention 

This invention relates generally to vacuum regulat- 
ing systems and one-way check valves and more specif- 
ically relates to water-based vacuum regulating systems 
and one-way check valves for closed-wound drainage 
applications. 

BACKGROUND OF THE INVENTION 

In the medical field it is frequently necessary after 
surgery or after a patient has incurred a trauma to the 
chest cavity to collect fluids from the chest cavity after 
the cavity has been closed. This type of fluid collection 
is commonly referred to as "closed-wound drainage". 
One particularly important feature of closed-wound 
drainage is that it requires a relatively low vacuum to suc- 
tion fluids from the patient's chest cavity. If higher vacu- 
ums are used, damage to the internal organs may occur. 
Typical vacuum ranges of between 20-30 cm. H2O are 
used to collect fluids from a closed chest or pleural cavity. 
However, in most hospitals, the vacuum sources com- 
monly available are in the range of 0-101 ■ 3 kPa (0-760 
mm. Hg). Most hospitals provide such vacuum sources 
on the wall next to a patient's bed. It is therefore neces- 
sary to provide a system which converts a relatively high 
vacuum provided by the hospital to a relatively low vac- 
uum for use in closed-wound drainage systems. It has 
been found that the vacuum source provided at a 
patient's bedside in many hospitals may also be a vari- 
able pressure vacuum source. With such sources, the 
vacuum provided may vary unexpectedly. Therefore, a 
need exists to provide a system which will not only con- 
vert a relatively high vacuum to a low vacuum but will 
also maintain a relatively constant vacuum despite fluc- 
tuations that may occur in the high vacuum source. 

Another need exists in draining fluids and gases 
from a patient's pleural cavity in that it is important that 
as the gases are removed from a patient that they are 
not inadvertently returned to the patient. Typically, in a 
closed-wound drainage system, a small amount of gas 
is removed from the patient's pleural cavity with each 
inhalation of the patient. If the patient's lung is collapsed, 
each time a small amount of fluid and gas is removed 
from the patient's pleural cavity, the patient's lung is 
allowed to expand by the amount of fluid or gas that is 
removed. Thus, the patient's lung will typically gradually 
expand over a period of several days if the lung has 
entirely collapsed. During this process, it is important to 
make sure that gases are not inadvertently returned to 
the patient which would cause the lung to re-collapse. 

Air may be inadvertently returned to a patient's pleu- 
ral cavity when it is necessary to transport a patient from 
one location to another. When a patient is transported, 
it is frequently necessary to disconnect the patient from 
a vacuum source that is fixed in the wall of a hospital. 
The patient is then allowed todrainf luids from the pleural 



cavity using only gravity. Under such conditions, fluid will 
continue to drain, but air may return to the patient if air 
is present within the closed-wound drainage system. 
Therefore, it is necessary to provide a one-way check 

5 valve to prevent such return of air. 

US-A-4439190 discloses an underwater drainage 
device for removing fluid, blood and gases from the pleu- 
ral cavity of a patient. The device is not a stand-alone 
module, but comprises a collection chamber in addition 

10 to a water seal chamber and a manometer chamber 
(suction control chamber). A manifold removably fits over 
top surfaces of the collection and manometer chambers, 
while the water seal chamber is fixed to the manifold. The 
manifold provides fluid communication between the 

15 chambers. 

Both the water seal and manometer chambers con- 
tain liquid and each has a tube extending from the top to 
the bottom of the chamber. The liquid level in the manom- 
eter chamber can be changed to change the amount of 

20 suction. The manometer chamber is in communication 
with a vacuum source. A valve arrangement is provided 
at the upper end of the tube of the water seal chamber 
for retarding the flow of liquid to the patient in the event 
of a sudden increase in negative pressure at the patient, 

25 caused by coughing etc. 

An object of the invention is to provide a water-based 
stand-alone module which can be used not only for pleu- 
ral wound drainage systems, but can also be used for 
other drainage applications such as knee and hip sur- 

30 gery. 

SUMMARY OF THE INVENTION 

A stand-alone control module for transforming a var- 

35 iable high-vacuum source into a constant low-vacuum 
source for medical applications is described. The module 
also provides a one-way check valve to prohibit return of 
air when draining fluids and air from the pleural cavity of 
a patient. The module includes a first-suction control 

40 chamber for transforming a variable high-vacuum into a 
constant low vacuum. The first chamber contains a first 
column of fluid at a first pre-determined level. A second 
water-sealed chamber is also provided for containing a 
second column of fluid at a second pre-determined level. 

45 The second level is less than the first level. A lid is also 
provided for covering an upper surface of both the first 
and second chambers. The lid provides a first path 
between a high-vacuum source and the second cham- 
ber. The lid also provides a second path connecting the 

so first and second chambers above the fluid levels thereby 
equalizing the pressure in the first and second cham- 
bers. A first tube is provided within the first chamber. The 
first tube has first and second ends. The first end of the 
first tube is immersed in the fluid in the first chamber. The 

55 second end of the first tube extends above the first cham- 
ber through the lid and is open to atmospheric pressure. 
Thus, when a high-vacuum source is applied to the first 
chamber through the second pathway, the first tube sup- 
plies atmospheric air pressure to the high-vacuum 
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source through the first column via bubbles in the first 
column of fluid thereby creating a residual pressure in 
thef irst chamber which remains constant and dependent 
on the height of the column of fluid in the first chamber. 

The module also includes a second tube within the s 
second chamber. The second tube also has first and sec- 
ond ends. The first end of the second tube is immersed 
in the fluid in the second chamber and the second end 
of the tube is in communication with drainage point such 
as the pleural cavity of a patient. The vacuum in the sec- 10 
ond chamber is normally lower than the vacuum in the 
patient's pleural cavity. This causes air in the cavity to be 
pulled through the second end of the second tube 
through the second column of fluid towards the high-vac- 
uum source. When the vacuum in the cavity is greater 15 
than the vacuum in the second chamber, fluid in the sec- 
ond chamber is pulled into the second tube to prevent 
air in the second chamber from returning to the pleural 
cavity. The second tube includes a valve located at the 
second end which closes when fluid rises to the second 20 
end of the tube. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of the preferred embod- 25 
iment of a closed-wound drainage autotransfusion 
system; 

FIG. 2 is a perspective view of a liner and cannister 
of the preferred embodiment of the invention as the 30 
liner is inserted into the cannister; 

FIG. 3 is a side view of a liner; 

FIG. 4 is a perspective view of the preferred cannis- 35 
ter and liner; 

FIG. 5 is a perspective vow of a re-usable cannister 
showing a vacuum connection to the cavity of the 
cannister; to 

FIG. 6 is a cut-away view of the control module taken 
along lines 6-6 in FIG. 7; 

RG. 7 is a top view of the control module; 45 

FIG. 8 is a side view of a valve used in the preferred 
embodiment of the invention; 

RG. 9 is a front view of the valve illustrated in FIG. 8; so 

RG. 10 is an illustration of a drainage straw used in 
one embodiment of the invention; 

RG. 1 1 is a perspective view of a tray for storing and 55 
transporting a control module; and 



RG. 12 is a perspective view of a control module 
located in the tray of FIG. 11 in the upright position 
to allow fluid to be added to the control module. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Refer now to FIG. 1 which is a perspective view of 
the preferred embodiment of a closed-wound drainage 
autotransfusion system 1 0. As can be seen in the figure, 
the system 1 0 includes a cannister 1 2 and a control mod- 
ule 1 4. The cannister is located in a hanger 1 6. The con- 
trol module 14 is also mounted on the hanger 16. The 
cannister 12 includes walls 18 which form a cavity 20 as 
can be seen in RG. 2. The system includes a hollow liner 
22 for insertion into the cavity 20 of the cannister. The 
purpose of the liner 22 is to receive fluids and gases from 
the pleural cavity of the patient. The liner 22 includes a 
cover 24 that is attached to the top 26 of the liner 22. The 
cover 24 and liner 22 are sealed to one another to form 
a fluid and gas-tight seal. The cover 24 can be attached 
to the top 28 of the cannister 1 2 as can be seen in RG. 1 . 

Referring now to FIG. 3, the liner 22 includes a flex- 
ible body 30. The flexible body 30 has upper and lower 
portions 32 and 34. The upper portion 32 is attached to 
the cover 24. The lower portion 30 is attached to a bottom 
36. The flexible body 30 and the bottom 36 are shaped 
so as to generally conform to the walls 18 of the cannister 
1 2. Therefore, when the flexible body 30 and the bottom 
36 are inserted into the cavity 20 as illustrated in RG. 2, 
the liner 22 will fit snugly against the walls 1 8 of the cavity 
20 of the cannister 12 as illustrated in FIG. 4. 

In the preferred embodiment, the system 10 
includes a vacuum means for continuously providing a 
relatively high vacuum to the cavity 20 of the cannister 
12 and a relatively low vacuum inside the liner 22 when 
the liner 22 is located in the cavity 20 to cause the liner 
to expand against the walls 18 of the cannister 12. The 
vacuum means includes a "T-shaped port 38 as illus- 
trated in RG. 5. The port 38 includes a lower leg 40 which 
can be connected to a high-vacuum source. The high- 
vacuum source is typically a vacuum-source provided in 
the wall of a hospital next to a patients bed. In many hos- 
pitals this, source of high-vacuum tends to provide a vac- 
uum in the range of 0-1 01 • 3 kPa (0-760 mm). Hg. This 
vacuum may vary unexpectedly. However, the vacuum is 
generally sufficient to cause the flexible body 30 to 
expand against the walls 1 8 of the cannister 1 2 when the 
vacuum is applied through a middle leg 42 of the T- 
shaped port 38. The middle leg 42 is in fluid communi- 
cation with the cavity 20 of the cannister 1 2 to allow the 
high vacuum source to be applied to the cavity 20. The 
"T-shaped port 38 also includes an upper leg 44 which 
is attached to a braided tube 46 which will be discussed 
in greater detail below. 

The vacuum means which provides a relatively low 
vacuum to the inside of the liner 22 must provide this vac- 
uum at a constant relatively low level. The reason why 
the vacuum provided to the inside of the liner 22 must 
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remain constant is that variations in the vacuum in the 
liner are transmitted to the patient 48 via a drainage tube 
50 which is connected to a chest tube 52 as illustrated 
in FIG. 1 ■ Thus, if a high vacuum is applied to the inside 
of the liner 22 the same vacuum will be applied to the 
chest cavity of the pati nt 48. This can injure the patient's 
internal organs. Also, variations in vacuum can injure the 
patient's organs even if the vacuums are relatively low. 
Therefore, the high vacuum present in braided tube 46 
is transmitted into control module 1 4 for transforming the 
variable high vacuum into a constant low vacuum. The 
control module 14 is illustrated in greater detail in FIG. 6. 

As can be seen in FIG. €, the control module 14 
includes a first suction control chamber 54 for transform- 
ing the variable high vacuum into a constant low vacuum. 
When the module 14 is in use, the chamber 54 is partially 
filled with a sterile fluid 56. The first chamber 54 includes 
a first tube 58 that is located within the first chamber 54. 
The first tube has first and second ends 60 and 62. The 
first end 60 is immersed in fluid 56 and the second end 
62 extends above the top of the fluid 56 in the first cham- 
ber. The second end 62 is attached to a lid 66 which cov- 
ers the top 64 of the first chamber 54. The lid 66 includes 
a port 68 which is located immediately above the top 64 
of the first chamber 54. The second end 62 of the first 
tube 58 is in sealed engagement with the port 68. The 
port is partially covered by a cap 70. A narrow air space 
72 exists between the cap 70 and the port 68 to allow 
atmospheric air pressure into tube 58. The high-vacuum 
source present in braided tube 46 is attached to a cap 
74 which is located on a high-vacuum port 76 on lid 66. 
The port 76 provides a first path 78 between the high- 
vacuum source and a second chamber 80 in the control 
module 14. The lid 66 and the control module 14 are 
shaped in such a way that when the lid 66 is placed on 
the control module 14 a second path 82 is formed 
between the first and second chambers 54 and 80. The 
second path is a relatively narrow path that provides fluid 
communication between the first and second chamber 
54 and 80. Thus, the high vacuum provided to the second 
chamber 80 through port 76 is also transmitted to the 
first chamber 54. The high vacuum causes atmospheric 
air present in tube 58 to be pulled through the first end 
60 of the tube against the first column 56 of fluid. The 
resistive force of the water pressure against the air as it 
is drawn through the water column creates a relatively 
low back pressure which is proportional to the height of 
the column of water. This reduces the vacuum present 
in the upper portion of the chamber 54 to a relatively low, 
constant vacuum which can be controlled simply by con- 
trolling the height of the column of fluid. Therefore, the 
first chamber 54 acts as a pressure regulator which 
transforms a variable high vacuum into a constant rela- 
tively low vacuum. 

The control module 14 includes a second chamber 
80 which provides a water-based one-way check valve. 
This chamber will now be discussed in greater detail. The 
chamber 80 includes a second tube 84 which is located 
within the chamber. The second tube 84 includes first 
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and second ends 86 and 88. The first end 86 is immersed 
in sterile fluid when the module 14 is in use. In the pre- 
ferred embodiment, the second chamber 80 is partially 
filled with 2 cm. high of sterile fluid. The second end 88 

5 of the second tube 84 is attached to a vacuum-interface 
port 90 on lid 66. Th vacuum-interface port 90 is located 
over the upper portion 92 of the second tube 84. The 
vacuum-interface port 90 has one end 94 connected to 
a vacuum-interface tube 96 which will be discussed in 

70 greater detail below. The vacuum-interface tube 96 is in 
fluid communication with the inside of the liner 22. As 
discussed above, the vacuum present within the liner 22 
is in fluid communication with the cavity of a patient 48 
through tubes 50. 52. Therefore, the vacuum present in 

15 the first and second chambers 54, 80 of the control mod- 
ule 14 is also the same vacuum that is provided to the 
cavity of the patient 48. 

The purpose of the second chamber 80 of the con- 
trol module 14 is to provide a one-way fluid-based check 

20 valve to prevent gases from being delivered to the cavity 
of a patient 48. As will be discussed in greater detail 
below, gases are allowed to travel downwardly through 
the second tube 84, but are not allowed to travel from the 
upper portion 92 of the second chamber 80 through tube 

25 84. As discussed above, the second chamber 80 
includes a second column of fluid 98 which is 2 cm. high 
in the preferred embodiment of the invention. The sec- 
ond column of fluid 98 acts to prevent gas present in the 
upper portion 92 of the second chamber 80 from entering 

30 the first end 86 of the second tube 84 in the event that 
the pressure in the upper portion 92 of the second cham- 
ber 80 is greater than the pressure in the patient's cavity. 
The pressure in the upper portion 92 of the second 
chamber may be greater than the pressure in the 

35 patient's cavity when the system 1 0 is disconnected from 
a high-vacuum source. In this event, the pressure and 
the upper portion 92 of the second chamber 80 will rise 
to atmospheric pressure. If fluid is not present in the sec- 
ond chamber 80. this atmospheric pressure can be 

40 transmitted to the patient's cavity causing the patient's 
lung to collapse. This is prevented by the presence of a 
second column of fluid 98 and the second chamber 80. 
When the pressure in the upper portion 92 of the cham- 
ber 80 is greater than the pressure in a patient's cavity, 

45 each exhalation of the patient will cause the fluid in the 
second chamber 80 to be drawn up into the second tube 
84 temporarily. The fluid that is drawn up into the second 
tube 84 rises and falls with each patient inhalation and 
exhalation whenever the system 1 0 is disconnected from 

so a high-vacuum source. This fluid in the second tube 84 
prevents any gas present in the second chamber from 
entering into the patient's chest cavity. 

One feature of the control module 14 is that the first 
tube 58 includes a mesh net 100 covering the first end 

55 60 of the first tube 58. The purpose of the mesh net 1 00 
is to cause air drawn through the first tube 58 into the 
first column 56 of fluid to be broken up into very fine bub- 
bles. This act of breaking the air into fine bubbles reduces 
turbulence in thef irst column 56 of fluid. This is important 
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because it prevents splashing of fluid 56 in the first cham- 
ber into the second chamber 80 through the second path 
82. Preferably, the net 100 has mesh openings in the 
range of 0.254 to 0.381 mm. 

As discussed above, the lid 66 and the upper portion 5 
102 of the control module between the first and second 
chambers 54, 80 forms the second path 82. In the pre- 
ferred embodiment of the invention, the lid 66 and the 
upper portion 102 of the control module 14 form a gap 
with one another that creates the second path 82. The 
entrance to the second path 82 from the first chamber 
54 in the preferred embodiment is no greater than 1 .524 
mm (0.06 inches), preferably between 1.016 and 3.175 
mm (0.040 and 0.125"). The purpose of providing a very 
small entrance to the second path 82 from the first cham- 
ber 54 is to reduce the possibility of fluid 56 in the first 
chamber 54 from entering the second chamber 80. In 
the preferred embodiment, the second path 82 is a nar- 
row tortuous path. As illustrated in FIG. 6, the path 82 is 
a "IT-shaped path formed by "IT-shaped portion 104 in 
the upper portion 102 of the control module 14 which is 
parallel to a "IT-shaped portion 106 in lid 66. 

As also illustrated in FIG. 6, the second and 88 of 
the second tube 84 is attached to the vacuum-interface 
port 90. A float valve 108 is located inside the port 90. 
The float valve 1 08 includes an inverted rubber cup 110 
which is centered over the upper end 88 of the second 
tube 84. As fluid in the second tube 84 reaches the 
inverted cup 1 1 0, the cup rises until a flexible gasket 112 
located between the upper portion of the cup 110 and 
the vacuum-interface port 84 causes the float valve 108 
to close. 

One important feature of the preferred embodiment 
of the invention is that the lid 66 includes at least one 
bleed orifice 114. In the preferred embodiment of the 
invention, a bleed orifice 114 is located adjacent to the 
first path 78 on the lid 66. The purpose of the bleed orifice 
1 1 4 is to transform the high-source vacuum into an inter- 
mediate level vacuum which can be further reduced to a 
low vacuum by the first chamber 54 of the control module 
1 4. By allowing small amounts of air to enter into the first 
and second chambers 54, 80 through the bleed orifice 
114, the vacuum from the high-vacuum source is par- 
tially reduced. 

The high vacuum from the high-vacuum source is 
also partially reduced through the use of an in-line orifice 
116 located in the high-vacuum cap 74. The relatively 
small in-line orifice 116 causes the high vacuum from the 
high-vacuum source to be reduced to a lower vacuum 
since the bleed orifice 114 pulls air into the upper por- 
tions of the first and second chambers as a high vacuum 
is applied to the inline orifice 116. Therefore, the in-line 
orifice 116 and the bleed orifice 114 act in conjunction 
to produce an intermediate level vacuum which is then 
reduced to a low vacuum as discussed above. 

In the preferred embodiment of the invention, the 
first column of fluid 56 in the first chamber 54 is formed 
using no greater than 220 ml (220 cc) of fluid to provide 
20 cm. H2O vacuum in the first and second chambers 
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54, 80 when the high-vacuum source provides up to 
101 ■ 36 kPa (14.7 psi) vacuum to the first path 78. This 
is a relatively small amount of fluid compared to other 
systems used in the past. This small amount of fluid is 
able to provide a reduction in vacuum due to the use of 
the bl ed orifice 114 and the in-line orifice 116 to step 
down the vacuum from the high-vacuum source to an 
intermediate level vacuum. 

Refer again to FIG. 1 , as can be seen in this figure 
in the preferred embodiment of the invention, a vacuum- 
sensing valve 118 is provided in series between the low- 
vacuum source 120 of the control module 14 and the 
inside 122 of the liner 22. The valve is designed to open 
the inside of the liner to atmospheric pressure when the 
vacuum inside 122 the liner 22 exceeds a pre-deter- 
mined value. In the preferred embodiment of the inven- 
tion, the pre-determined value is 40 cm. H2O. This 
prevents undesirably high vacuums from being applied 
to the patient's chest cavity. The valve 118 will now be 
described in greater detail. Refer now to FIG. 8, which is 
a cut-away view of the vacuum-sensing valve 118. The 
valve includes a valve body 1 24, a seat 1 26 and an elas- 
tomeric umbrella 128. 

As can be seen in FIG. 8, the seat 126 of the vac- 
uum-sensing valve 118 includes a plurality of openings 
1 30 to allow atmospheric air to enter the valve body 124 
when the vacuum within the valve body exceeds a pre- 
determined level. When the vacuum exceeds this pre- 
determined level, the edges 132 of the elastomeric 
umbrella 1 28 will be drawn toward the center of the valve 
body 124 and away from the valve seat 126. When the 
edges 132 of the elastomeric umbrella 128 are in their 
normal position, the edges 132 are biased against the 
openings 130. However, when the vacuum exceeds the 
pre-determined level, as discussed above, the edges will 
withdraw into the valve body 124 to allow atmospheric 
air into the valve body. This prevents undesirably high 
vacuums which may be present inside the liner 122 to 
be applied to the chest cavity of a patient. 

Refer now to FIG. 1. One important feature of the 
invention is that the system 10 includes a drainage 
means 1 34 for providing fluid communication between 
the inside of the liner 122 and the chest cavity of the 
patient 48. In the preferred embodiment of the invention, 
the drainage means 134 includes a drainage tube 50 
which is connected to a patient port 136 and the cover 
24 of the system 10. The patient port 136 has a porous 
filter 138 attached to collect large particle-size debris 
which may be drawn into the system from the patient's 
chest cavity. This filter prevents this debris from being 
mixed with fluid that is collected in the liner 22 for later 
re-infusion back into the patient. In the preferred embod- 
iment of the invention, the filter has a pore size of 
between 120 and 130 jim (microns). The filter is located 
inside the liner 22 immediately under the patient port 
136. 

In the preferred embodiment of the invention, the 
cover 24 also includes an interface port 140 to allow 
removal of fluids from the liner 22 for further processing 
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or re-infusion back into th patient with ut removing the 
liner from the cannister. When the interface port 140 is 
not in use, the port is covered with a cap 1 42. in the pre- 
ferred embodiment of the invention, a sterile straw 144 
is inserted into the liner 22 to withdraw fluids from the 
bottom of the liner. The straw is illustrated in FIG. 10 in 
its pouch. 

The straw 144 has first and second ends 146, 148. 
The first end of the straw can be inserted through the 
interface port 140 down into the bottom of the liner 22. 
The second end 148 of the straw 144 is attached to an 
elbow 150. The elbow includes first and second ends 
152, 154. The first end of the elbow includes a skirt 156 
which is designed to fit snugly around the outside diam- 
eter of the interface port 140 to firmly secure the straw 
onto the interface port 140. Accordingly, the skirt 156 
consists of a ring which can be concentrically placed 
about the interface port 1 40. The second end 1 54 of the 
elbow 1 50 has a tapered port for connection to tubing of 
various inside diameters. This port is normally attached 
to such tubing to allow fluid within the liner to be drawn 
into the tubing either for re-infusion back into the patient 
or for further processing. For example, in some 
instances, it may be desirable to send the fluid through 
a ceil washer to remove the red cells from the fluid and 
discard any other debris that may be present in the fluid. 
The red cells may then be used by the patient. 

Thus, it is important for the straw 144 to be main- 
tained in a sterile condition prior to insertion into the liner 
22. It is also important that the medical personnel be able 
to insert the straw 144 into the liner 22 without compro- 
mising its sterility. Therefore, one feature of this invention 
is to provide a sterile system in which the straw is main- 
tained in a sterile, thin-walled flexible sleeve 158 prior to 
insertion into the liner 22. As can be seen in FIG. 1 0, the 
sleeve completely covers the straw. The sleeve has first 
and second ends 160 and 162. In the preferred embod- 
iment, the ends are simply folded inward towards the 
sleeve and taped shut. In one embodiment of the inven- 
tion, medical personnel can open the first end 160 of the 
sleeve 158 to expose the first end 146 of the straw 144. 
The first end 160 of the sleeve 158 can be pushed back 
toward the elbow to allow the first end 146 of the straw 
144 to be inserted into the liner 22 while the second end 
1 48 of the straw remains covered by the sleeve 1 58. After 
the straw has been inserted, the sleeve can be com- 
pletely removed to allow the second end 1 54 of the elbow 
150 to be attached to a tube as discussed above. In 
another embodiment of the invention the first end 1 60 of 
the sleeve 158 is opened simply by forcefully puncturing 
the sleeve with the first end 146 of the straw 144. 

In order to insure that the straw 144 is transported 
in a sterile condition, the entire sleeve 158 is enclosed 
in an outer peelable outer pouch 164. The outer pouch 
can be opened by a "non-sterile" medical personnel to 
present the sterile sleeve 1 58 and straw 1 44 to a "sterile" 
nurse. 

Refer now to FIG. 1 1 which is a perspective view of 
a tray 1 66 used to store and transport the control module 



1 4. The tray 1 66 includes a storag means 1 68 for main- 
taining the control module 14 in a horizontal position 
within the tray as the module is being transported. The 
tray 166 also includes a holding means 170 for maintain- 

5 ing the control module 1 4 in a vertical position in the tray 
168 to all w the control module 14 to be partially filled 
with sterile fluid. This is illustrated in FIG. 12. In the pre- 
ferred embodiment of the invention, the holding means 
includes a pair of indentions 172 which form a slot 174 

10 for maintaining the control module 14 in a vertical posi- 
tion. In the preferred embodiment, the storage means 
168 is a pre-formed plastic container 176 having a top 
opening 178 that is sealed with a lid 180 which can be 
peeled away from the top opening to expose the inside 

is of the container 176. In the preferred embodiment, the 
preformed container 176 includes a bottom and side 
walls which generally conform to the overall outer shape 
of the control module 14 when the control module 14 is 
in a horizontal position. Thus, the control module 14 can 

20 be snugly placed inside the container 176 to be trans- 
ported. 

The tray 166 described herein has several advan- 
tages. First, the use of the tray to maintain the control 
module in an upright position as the module is being filled 

25 acts as a sterile field around the control module since 
the inside of the tray is sterile prior to peeling back the 
lid 1 80 from the top 1 78 of the tray. Second, the tray 1 66 
acts as a fluid collection means to collect any spills which 
may occur as the module is being filled. This is of great 

30 value to operating room personnel. 

Claims 



35 



40 



45 



50 



55 



A stand-alone control module (14) for transforming 
a variable high vacuum source into a constant low 
vacuum source for medical applications and for pro- 
viding a one-way check valve to prohibit return of air 
when draining fluids and air from a patient compris- 
ing: 

a first suction control chamber (54) for trans- 
forming a variable high vacuum into a constant low 
vacuum, said first chamber containing a first column 
of fluid (56) at a first predetermined level; 

a second water seal chamber (80) for con- 
taining a second column of fluid (98) at a second pre- 
determined level, said second level being less than 
said first level; 

a lid (66) covering an upper surface of both 
of said first and second chambers (54, 80), said lid 
providing a first path (78) between said high vacuum 
source and said second chamber (80), said lid also 
providing a pathway (82) connecting said first and 
second chambers above said fluid levels in said first 
and second chambers thereby equalizing the pres- 
sure in said first and second chambers, 

a first tube (58) within said first chamber, said 
first tube having first and second ends (60, 62), said 
first end (60) being immersed in said fluid (56) and 
said second end (62) extending above said first 
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chamber through said lid and being open to atmos- 
pheric pressure, whereby when said high vacuum 
s urce is applied to said first chamber through said 
pathway, said first tube supplies atmospheric air to 
said high vacuum source through said first column 
of fluid via bubbles thereby cr ating a residual pres- 
sure in said first chamber which remains constant 
and dependent on the height of said column of fluid 
in said first chamber; and 

a second tube (84) within said second cham- 
ber, said second tube having first and second ends 
(86, 88), said first end (86) being immersed in said 
fluid (98) in said second chamber and said second 
end (88) is to be brought in communication with the 
patient, said vacuum in said second chamber being 
normally lower than the vacuum in the patient 
thereby causing air to be pulled through said second 
end (88) of said second tube (84) through said sec- 
ond column of fluid (98) toward said high vacuum 
source, when said vacuum in said cavity is greater 
than vacuum in the second chamber (80), fluid in 
said second chamber is pulled into said second tube 
(84) to prevent air in said second chamber from 
returning to the patient, said second tube having a 
valve (108) located at said second end (88) which 
closes when fluid rises to said second end of said 
tube. 

2. A control module as recited in claim 1 wherein said 
lid (66) further includes a cap (74) having an air flow 
restrictor between said first path and said high vac- 
uum source to cause a drop in vacuum between said 
high vacuum source and said second chamber, said 
lid also having at least one bleed orrf ice (1 1 4) to the 
atmosphere between at least one of said first and 
second chambers (54, 80), said opening also caus- 
ing an additional drop in vacuum in said chambers 
to prevent excessive bubbling in said first chamber 
(54) when said high vacuum source is providing 
maximum vacuum. 

3. A control module as recited in claim 2 wherein said 
bleed orifice (114) is located adjacent said first path 
(78) on said lid (66). 

4. A control module as recited in any preceding claim 
wherein said valve (1 08) is afloat valve having a rub- 
ber gasket (112) which seals said second end of said 
second tube when fluid in said tubes rises to said 
second end (88). 

5. A control module as recited in any preceding claim 
wherein said pathway (82) between said first and 
second chambers in said lid is a narrow tortuous 
pathway to prevent fluid in said first chamber (54) 
from splashing into said second chamber (80). 



6. A control modul as recited in claim 5 wh rein said 
pathway (82) has an entrance into said first chamber 
(54) of no greater than 1 .524 mm (0.060"). 

5 7. A control module as recited in claim 5 wherein path- 
way has an entrance into said first chamber (54) of 
between 1.016 and 3.175 mm (0.040" and 0.125"). 

8. A control module as recited in claim 1 wherein said 
10 first end (60) of said first tube (58) has a mesh net 

(100) covering said end (60) to break up air in said 
tube (58) into fine bubble before entering said first 
fluid column to reduce turbulence and noise in said 
first chamber (54). 

15 

9. A control module as recited in Claim 8 wherein said 
mesh net has mesh openings in the range of 0.254 
to 0.381mm (0.010" to 0.015"). 

20 10. A control module as recited in any preceding claim 
wherein said first fluid column is formed using no 
greater than 220ml (220cc) of fluid (56) to provide 
20 cm H2O vacuum in said first and second cham- 
bers when said high vacuum source provides up to 

25 101 .36 kpa (1 4.7 psi) vacuum to said first path. 

1 1 . Apparatus for collection of fluids from a patient com- 
prising a cannister having a drainage tube (50) for 
collecting said fluids, and a control module accord- 
30 ing to any preceding claim, wherein the second tube 
(84) is connected with the cannister to provide con- 
stant low vacuum to the cannister and the drainage 
tube. 

35 Patentanspruche 

1. Stand-alone-Steuermodul (14) zum Umwandeln 
einer variablen Hochvakuumquelle in eine kon- 
stante Niedrigvakuumquelle fur medizinische 

40 Anwendungen und zum Bereitstellen eines Einweg- 
RQckschlagventils, um bei der Ableitung von Fluiden 
und Luft aus einem Patienten das ZuruckstrOmen 
von Luft zu unterbinden, wobei das Steuer modul fol- 
gendes aufweist: 

45 eine erste Ansaugsteuerkammer (54), um 

ein variables Hochvakuum in ein konstantes Nied- 
rigvakuum umzuwandeln, wobei die erste Kammer 
eine erste Fluidsaule (56) mit einem ersten vorbe- 
stimmten Pegel enthait; 

50 eine zweite Wasserdichtungskammer (80) 

zur Aufnahme einer zweiten Fluidsaule (98) mit 
einem zweiten vorbestimrrrten Pegel, wobei der 
zweite Pegel niedriger als der erste Pegel ist; 

einen Deckel (66), der eine Oberserie sowohl 

55 der ersten als auch der zweiten Kammer (54, 80) 
abdeckt, wobei der Deckel eine erste Bahn (78) zwi- 
schen der Hochvakuumquelle und der zweiten Kam- 
mer (80) bildet und der Deckel auBerdem einen 
Nebenweg (82) bildet, der die erste und die zweite 
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Kammer oberhalb der Fluidpegel in der ersten und 
der zweiten Kammer miteinander verbindet, urn 
dadurch den Druck in der ersten und der zweiten 
Kammer auszugieichen; 

ein erstes Rohr (58) in der ersten Kammer, 5 
wobei das erste Rohr ein erstes und ein zweites 
Ende (60, 62) hat, das erste Ende (60) in das Fluid 
(56) eintaucht und das zweite Ende (62) sich durch 
den Deckel uber der ersten Kammer erstreckt und 
zu Atmospharendruck often ist, so daB, wenn die 10 
Hochvakuumquelle Qber den Nebenweg auf die 
erste Kammer aufgebracht wird, das erste Rohr der 
Hochvakuumquelle Atmospharenluft durch die erste 
Fluidsaule mittels Blasen zufuhrt, wodurch in der 
ersten Kammer ein Restdruck erzeugt wird, der kon- 75 
stant und von der Hone der Fluidsaule in der ersten 
Kammer abhdngig bleibt; und 

ein zweites Rohr (84) in der zweiten Kammer, 
wobei das zweite Rohr ein erstes und ein zweites 
Ende (86, 88) hat, das erste Ende (86) in das Fluid 20 
(98) in der zweiten Kammer eintaucht und das 
zweite Ende (88) mit dem Patienten in Kommunika- 
tion zu bringen ist, wobei das Vakuum in der zweiten 
Kammer normalerweise niedriger als das Vakuum 
in dem Patienten ist, so daB Luft durch das zweite 25 
Ende (88) des zweiten Rohrs (84) durch die zweite 
Fluidsaule (98) zu der Hochvakuumquelle ange- 
saugt wird, wenn jedoch das Vakuum in dem Pati- 
enten grOBer als das Vakuum in der zweiten 
Kammer (80) ist, wird Fluid in der zweiten Kammer 30 
in das zweite Rohr (84) angesaugt, urn zu verhin- 
dern, daB in der zweiten Kammer vorhandene Luft 
zu dem Patienten zuruckstrOmt, wobei das zweite 
Rohr ein Absperrorgan (108) hat, das an dem zwei- 
ten Ende (88) positioniert ist und schlieBt, wenn 35 
Fluid zu dem zweiten Ende des Rohrs aufsteigt. 

2. Steuermodul nach Anspruch 1, wobei der Deckel 
(66) auBerdem eine Kappe (74) aufweist. die einen 
LuftdurchfluBbegrenzer zwischen der ersten Bahn 40 
und der Hochvakuumquelle hat, urn einen Vakuum- 
abfall zwischen der Hochvakuumquelle und der 
zweiten Kammer zu bewirken, wobei der Deckel 
auBerdem wenigstens eine Entluftungsoffnung 
(114) zur Atmosphare zwischen wenigstens einer 45 
von der ersten und der zweiten Kammer (54, 80) hat, 
wobei die Offnung auBerdem einen zusatzlichen 
Abfall des Vakuums in den Kammern bewirkt, urn 
QbermdBige Blasenbildung in der ersten Kammer 
(54) zu verhindern, wenn die Hochvakuumquelle so 
maximales Vakuum liefert. 

3. Steuermodul nach Anspruch 2, wobei die Entluf- 
tungsoffnung (114) der ersten Bahn (78) dem Dek- 

kel (66) benachbart positioniert ist. 55 

4. Steuermodul nach einem der vorhergehenden 
AnsprOche, wobei das Absperrorgan (108) ein 
Schwimmerventil ist, das eine Gummidichtung (1 1 2) 
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hat, die das zw ite End des zweiten Rohrs abdich- 
tet, wenn Fluid in den Rohren zu dem zweiten Ende 
(88) aufsteigt. 

5. Steuermodul nach einem der vorhergehenden 
AnsprOche, wobei der Nebenweg (82) zwischen der 
ersten und der zweiten Kammer in dem Deckel ein 
enger gewundener Weg ist, urn zu verhindern, daB 
in der ersten Kammer (54) bef indliches Fluid in die 
zweite Kammer (80) spritzt. 

6. Steuermodul nach Anspruch 5, wobei der Neben- 
weg (82) einen Eintritt in dies erste Kammer (54) hat, 
der nicht grOBer als 1,524 mm (0,060") ist. 

7. Steuermodul nach Anspruch 5, wobei der Neben- 
weg einen Eintritt indie erste Kammer (54) zwischen 
1,016 und 3,175 mm (0,040" und 0,125") hat 

8. Steuermodul nach Anspruch 1, wobei das erste 
Ende (60) des ersten Rohrs (58) ein Siebnetz (100) 
hat, das das Ende (60) bedeckt, urn Luft in dem Rohr 
(58) vor ihrem Eintritt in die erste Fluidsaule in feine 
Blasen aufzubrechen, urn Wirbel und Gerdusche in 
der ersten Kammer (54) zu vermindern. 

9. Steuermodul nach Anspruch 8, wobei das Siebnetz 
SiebGffnungen im Bereich von 0,254 bis 0,381 mm 
(0,010" bis 0,015") hat. 

10. Steuermodul nach einem der vorhergehenden 
AnsprOche, wobei die erste Fluidsdule gebildet ist, 
indem nicht mehr als 220 ml (220 cc) Fluid (56) ver- 
wendet wird, urn 20 cm H^-Vakuum in der ersten 
und der zweiten Kammer zu erhalten, wenn die 
Hochvakuumquelle bis zu 101,36 kPa (14,7 psi) 
Vakuum zu der ersten Bahn liefert. 

11. Vorrichtung zum Sammeln von Fluiden von einem 
Patienten, die folgendes aufweist: einen Kanister mit 
einem Drainagerohr (50) zum Sammeln der Fluide 
und ein Steuermodul nach einem der vorhergehen- 
den AnsprOche, wobei das zweite Rohr (84) mit dem 
Kanister verbunden ist, urn den Kanister und das 
Drainagerohr mit einem konstanten Niedrigvakuum 
zu beaufschlagen. 

Revendications 

1 . Module de regulation autonome (14) pour transfor- 
mer une source de vide pouss6 variable en une 
source de vide faible constant pour des applications 
medical es, et pour constituer un clapet unidirection- 
nel afin d'empdcher un retour d'air lors du drainage 
de f luides et d'air a partir d'un patient, comprenant : 
une premi&re chambre de rfcglage d'aspira- 
tion (54) pour transformer un vide poussg variable 
en un vide faible constant, la dite premiere chambre 
contenant une premiere colonne de fluide (56) & un 
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premier niveau prgdgt rming; 

une deuxigme chambre de joint hydraulique 
(80) pour contenir une deuxigme colonne de flukJe 
(98) k un deuxigme niveau predetermine, le drt 
deuxigme niveau gtant infgrieur au dit premier 5 
niveau ; 

un couvercle (66) couvrant une surface supg- 
rieure k la fois des dites premiere et deuxigme 
chambres (54, 80), le dit couvercle dgfinissant un 
premier chemin (78) entre la dite source de vide w 
poussg et la dite deuxieme chambre (80), le drt cou- 
vercle dgf inissant ggalement un passage (82) reliant 
les dites premiere et deuxieme chambres au-d essus 
des dits niveaux de f luide dans les dites premiere et 
deuxieme chambres, de fagon k ggaliser la pression 75 
dans les dites premiere et deuxigme chambres ; 

un premier tube (58) placg dans la dite pre- 
miere chambreje dit premier tube ayant une pre- 
miere et une deuxigme extrgmitgs (60, 62), la dite 
premiere extrgmitg (60) gtant immergge dans le dit 20 
f luide (56) et la dite deuxigme extrgmitg (62) s'gten- 
dant au-dessus de la dite premiere chambre, k tra- 
vers le dit couvercle, et dgbouchant k la pression 
atmosphgrique de sorte que, lorsque la dite source 
de vide poussg est appliquge k la dite premiere 25 
chambre par I'intermgdiaire du dit passage, le dit 
premier tube amgne de Pair atmosphgrique k la dite 
source de vide poussg k travers la dite premiere 
colonne de f luide, sous forme de builes, errant ainsi 
dans la dite premiere chambre une pression rgsi- 30 
duelie qui reste constante et fonction de la hauteur 
de la dite colonne de fluide dans la dite premiere 
chambre ; et 

un deuxigme tube (84) placg dans la dite 
deuxigme chambre, le dit deuxigme tube ayant une 35 
premfere et une deuxieme extr6mit6s (86, 88), la 
dite premiere extrgmitg (86) gtant immergge dans le 
dit fluide (98) dans la dite deuxieme chambre, et la 
dite deuxieme extrgmitg (88) devant §tre mise en 
communication avec le patient, le dit vide dans la 40 
dite deuxieme chambre 6tant normalement plus fai- 
ble que le vide dans le patient, ce qui provoque 
('aspiration d'air par la dite deuxieme extr6mit6 (88) 
du dit deuxieme tube (84) , k travers la dite deuxieme 
colonne de fluide (98), vers la dite source de vide 45 
poussg, et quand le dit vide dans la dite cavite du 
patient est plus grand que le vide dans la deuxieme 
chambre (80), le fluide dans la dite deuxieme cham- 
bre est aspire dans le dit deuxieme tube (84) pour 
empftcher Pair qui se trouve dans la dite deuxieme so 
chambre de retourner au patient, le dit deuxieme 
tube comportant un clapet (108) place k la dite 
deuxieme extrgmitg (88) qui se ferme lorsque le 
fluide monte jusqu'& la dite deuxieme extrgmite du 
dit tube. 55 

2. Module de regulation suivant la revendication 1, 
dans lequel le dit couvercle (66) comporte en outre 
un chapeau (74) ayant un limrtateur d'gcoulement 



d'air entre le dit premier chemin et la dit source de 
vide pousse. pour crger une chute de vide entre la 
dite source de vide pousse et ia dite deuxieme 
chambre, le dit couvercle comportant egalement au 
moins un orifice (1 1 4) de purge k i'atmosphere entre 
aumoins une des dites premier etdeuxiem cham- 
bres (54, 80), le dit orifice provoquant egalement 
une chute suppigmentaire de vide dans les dites 
chambres af in d'empgeher une formation excessive 
de bulles dans la dite premiere chambre (54) lorsque 
la dite source de vide poussg fournit un vide maxi- 
mal. 

3. Module de rggulation suivant la revendication 2, 
dans lequel le dit orifice de purge (1 14) est adjacent 
au dit premier chemin (78) sur le dit couvercle (66). 

4. Module de rggulation suivant une quelconque des 
revendications prgegdentes, dans lequel ledit clapet 
(108) est un clapet k flotteur comportant un joint en 
caoutchouc (1 12) qui ferme de fagon gtanche la dite 
deuxigme extrgmite du dit deuxieme tube lorsque le 
fluide dans le dit tube s'glgve jusqu'g la dite 
deuxieme extrgmitg (88). 

5. Module de rggulation suivant une quelconque des 
revendications prgegdentes, dans lequel le dit pas- 
sage (82) entre les dites premiere et deuxieme 
chambres dans le dit couvercle est un passage 
sinueux gtro'rt, pour empgeher des projections du 
fluide de la dite premiere chambre (54) vers la dite 
deuxieme chambre (80). 

6. Module de rggulation suivant la revendication 5, 
dans lequel le dit passage (82) comporte une entrge 
dans la dite premiere chambre (54) qui n'est pas 
plus grande que 1 ,524 mm (0,060 "). 

7. Module de regulation suivant la revendication 5, 
dans lequel le passage comporte une entrge dans 
la dite premiere chambre (54), comprise entre 1 ,01 6 
mm et 3.175 mm (0,040 " et 0,125 "). 

8. Module de rggulation suivant la revendication 1, 
dans I equel la dite premiere extrgmitg (60) du dit pre- 
mier tube (58) comporte un grillage (1 00) qui recou- 
vre la dite extrgmitg (60) pour diviser i'air dans le dit 
tube (58) en fines bulles avant d'entrer dans la dite 
premiere colonne de fluide, afin de rgduire la turbu- 
lence et le bruit dans la dite premiere chambre (54). 

9. Module de rggulation suivant la revendication 8, 
dans lequel le dit grillage a des ouvertures de 
mailles comprises entre 0,254 mm et 0,381 mm 
(0,010 w e 0,015"). 

10. Module de rggulation suivant une quelconque des 
revendications prgegdentes, dans lequel la dite pre- 
miere colonne de fluide est formge au moyen d'une 
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quantity de fluid e (56) non sup6rieure a 220 m! (220 
cm3) pour creer un vide de 20 cm H2Q dans les dites 
premiere et deuxieme chambres lorsque la dite 
source de vide pousse cree jusqu'a 101,36 kPa 
(1 4,7 psi) de vide dans le dit premier chemin. 5 

11. Appareil pour ia coliecte de fluides a partir d'un 
patient, comprenant une cartouche pourvue d'un 
tube de drainage (50) pour la coliecte des dits flui- 
des, et un module de regulation suivant une quel- 10 
conque des revendications prec6dentes, dans 
iequel le deuxieme tube (84) est connects a la car- 
touche pour appliquer un vide faible constant a la 
cartouche et au tube de drainage. 
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FIG. 10 
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